Purpose: To study the microbiological aspects of infantile bacterial conjunctivitis resistant to empirical topical antibiotic therapy in Egypt.
INTRODUCTION
Conjunctivitis is a commonly encountered disease characterized by conjunctival edema and hyperemia and usually accompanied by variable types of discharge. 1 Bacterial conjunctivitis was reported as the second most common type of infectious conjunctivitis after viral infection, [2] [3] [4] and the first cause of acute conjunctivitis in children representing 50% to 75% of cases. 5, 6 These cases are usually managed initially by general practitioners and the antibiotic treatment is empirically selected without preceding microbiological studies. 7, 8 The microbiological aspects of bacterial conjunctivitis were previously studied and many organisms were incriminated (eg, Staphylococcus aureus, Staphylococcus epidermidis, and Haemophilus influenzae). 9, 10 This prospective study was performed to analyze the microbiological aspects of infantile bacterial conjunctivitis resistant to initial empirical topical antibiotic therapy in Egypt.
type of empirical antibiotic used prior to presentation and its dose were recorded. Thorough ophthalmological examination was done for all patients to exclude other types of conjunctivitis and other causes of red eye. Patients with conditions known to result in recurrent or persistent ocular discharge such as congenital nasolacrimal duct obstruction, congenital entropion, and epiblepharon were all excluded from the study.
The previous treatment was stopped for 48 hours and conjunctival swabs were obtained from all patients for bacterial culture and antibiotic sensitivity testing as follows. The skin around the eye was cleaned with sterile gauze moistened with sterile saline, then it was disinfected with povidoneiodine solution. The tip of a sterile swab was then passed over the lower fornix, avoiding the eyelashes and the eyelid margin. The swab was then wiped over the surface of the plates of the following culture media: (1) MacConkey agar for detection of Enterobacteriaceae; (2) blood agar for detection of staphylococci and streptococci; (3) chocolate agar for detection of Neisseria gonorrhoeae and Haemophilus influenzae; (4) Loffler's agar for detection of Moraxella species and other fastidious microorganisms; and (5) Sabouraud dextrose agar for detection of Candida and Aspergillus species.
The plates were incubated aerobically at 30°C to 35°C for 48 hours except chocolate agar, which was incubated in carbon dioxide condition at 30°C to 35°C for 48 hours. The plates for fungal growth were incubated at 20°C to 25°C for 72 hours.
After the specified incubation period, different forms of microbial growth, if any, were identified using the approved identification system. Sensitivity testing was performed on bacterial isolates using 36 different types of antibiotics.
To avoid distorting the results, the fellow eyes in bilateral cases were reported only if they revealed different bacterial growth.
RESULTS
The study included 92 eyes of 86 infants: 47 (54.65%) males and 39 (45.35%) females. The patients' ages ranged from 4 to 6 months. Thirty-nine patients (45.35%) revealed a history of using tobramycin eye drops without improvement, whereas 26 patients (30.23%) used fusidic acid and 21 patients (24.42%) could not tell which antibiotic was used. Fourteen cases had bilateral conjunctivitis and 72 cases had unilateral conjunctivitis. After 48 hours of incubation, 8 of the bilateral cases (57.1%) showed the presence of the same organism in both eyes, whereas in 6 cases (42.9%) each eye showed the presence of different organisms and was recorded as different isolates. Forty-five samples (48.9%) revealed the presence of a solitary organism, 35 samples (38%) showed mixed infection with two different organisms, 9 samples (9.8%) showed mixed infection with three different organisms, and 3 samples (3.3%) were sterile (negative cultures), with a total number of 142 identified bacterial growths. Staphylococcus aureus was the most commonly isolated organism either separately or in the course of a mixed infection (35 samples; 24.65%). The growth of Streptococcus pneumoniae was verified in 31 samples (21.83%), Pseudomonas aeruginosa in 18 samples (12.68%), and coagulase-positive Staphylococcus aureus in 13 samples (9.15%). Candida albicans was harvested in 14 samples (15.22%) ( Table 1) .
Antibiotic sensitivity testing was performed on all isolated bacterial colonies against 36 different antibiotics. Most bacterial growths showed high sensitivity to levofloxacin, which eradicated as many as 108 growths (76.1%). Ciprofloxacin, ofloxacin, and norfloxacin Acinetobacter 7
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Streptococcus pyogenes
were highly effective against 105 (74%), 104 (73.2%), and 102 (71.8%) growths, respectively. Chloramphenicol was found to be highly effective against 100 growths (70.4%), vancomycin against 94 growths (66.2%), and amikacin against 93 growths (65.5%).
On the other hand, 130 (91.5%) growths were resistant to imipenem. Resistance to meropenem was reported in 128 (90.1%) growths, fusidic acid in 125 (88%) growths, piperacillin in 124 (87.3%) growths, and penicillin in 115 (81%) growths ( Table 2) . 
DISCUSSION
Infective conjunctivitis is a common condition that is more commonly encountered in infants and school-aged children. 11 Bacterial conjunctivitis is usually characterized by a purulent or, more commonly, a mucopurulent discharge. 12 Many cases may be presented with nonspecific presentations, and the type of discharge may not lead to a correct diagnosis. Rietveld et al. 13 reported that 35% of culture-proven cases of bacterial conjunctivitis had serous or no discharge. It was found that the combined presence of eyelid mattering, absence of itching, and lack of history of conjunctivitis is strong evidence of bacterial conjunctivitis.
14 Bacterial conjunctivitis diagnosis is based mainly on clinical findings and microbiological examination is not needed routinely in clinically suspected cases. 11 A conjunctival swab is recommended if treatment fails, and is preferred to be taken a few days after stopping the previously used medications. 15 The most common organisms incriminated in bacterial conjunctivitis were reported in many studies. Seal et al. 7 found that Staphylococcus aureus, Coliform species, Haemophilus influenzae, and Streptococcus viridians were the most commonly found causative organisms in infants 1 year old or younger. Mahajan 16 found Staphylococcus aureus, Staphylococcus epidermidis, and Streptococcus pneumoniae more commonly isolated in their cases of bacterial conjunctivitis. Epling and Smucny 17 reported that the causative organism in children is mainly Haemophilus influenzae, followed by Streptococcus pneumoniae and Moraxella catarrhalis. 17 The microbiological aspects of resistant infantile bacterial conjunctivitis not responding to empirical antibiotic treatment were not studied before. In this study, the most commonly isolated organisms were coagulase-negative Staphylococcus aureus, Streptococcus pneumoniae, Pseudomonas aeruginosa, and coagulase-positive Staphylococcus aureus. Mixed infections by two different organisms were reported in 38% and by three organisms in 9.8% of cases.
Jefferis et al. 18 found that acute conjunctivitis can be considered as a self-limiting condition that does not require antibiotic treatment. They found a significant benefit from antibiotic treatment among patients with purulent discharge or mild severity redness. Other studies reported that topical antibiotic treatment of bacterial conjunctivitis increases the cure rate in patients with positive cultures, decreases the risk of spreading infection, and shortens the course of the disease. 11, 19 In Egypt, infants and children with conjunctival discharge are usually prescribed empirical topical antibiotic eye drops such as tobramycin or fusidic acid to gain the benefits of shortening the course of the disease and limiting the spread of infection. In many studies, no significant difference was found between broad-spectrum antibiotic drops in patients clinically diagnosed as having bacterial conjunctivitis. 20, 21 The choice of antibiotic drops is based on availability, patient allergy, side effects, and costs. 8, 11 According to sensitivity studies, some authors recommended the use of chloramphenicol, ciprofloxacin, tobramycin, fusidic acid, and gatifloxacin. 10, 22, 23, 24 Some clinical studies have reported better treatment compliance by using fusidic acid. 21, 23 Due to the risk of serious complications such as aplastic anemia, topical chloramphenicol is rarely prescribed in the United States. 25 On the other hand, two international case-control studies involving a population of approximately 40 million people identified more than 400 cases of aplastic anemia, and none of them was using chloramphenicol eye drops. 26 In a British general practice database review, Lancaster et al. 27 found only a small risk of serious hematological side effects related to chloramphenicol eye drops (3 per 674,148 prescriptions) and concluded that the continued use of topical chloramphenicol is a safe clinical option.
In this study, the microorganisms isolated from infants not improving with initial empirical treatment were found to be highly sensitive to fluoroquinolones (levofloxacin, ciprofloxacin, ofloxacin, and norfloxacin), followed by chloramphenicol, vancomycin, and amikacin. The use of fluoroquinolones in children is controversial due to safety concerns. The possible occurrence of musculoskeletal complications (even if reported as low as 2% or less) resulted in limited use of this group in children. 28 It was reported that arthralgia and arthropathy rarely occur in children using systemic fluoroquinolones and resolve completely after drug cessation without any long-term complications. 29 On the other hand, other authors reported that topical fluoroquinolone eye drops such as ciprofloxacin, levofloxacin, and ofloxacin are safe and effective in children with bacterial conjunctivitis. 30, 31 The isolated pathogens were found to be resistant to carbapenems (imipenem and meropenem), fusidic acid, piperacillin, and penicillin. Increased resistance to fusidic acid was reported previously and explained by the long-term topical use. 32, 33 The currently used in vitro sensitivity tests use lower antibiotic concentrations than that delivered in the conjunctiva through topical use, which may explain the clinical improvement despite in vitro resistance. 11 The resistance to fusidic acid found in this study can be explained by the previously mentioned factors in addition to the antibiotic misuse patterns.
Increased bacterial resistance to antibiotics such as tobramycin, gentamycin, chloramphenicol, and fluoroquinolones has been reported. 5, 6, 34 It was previously recommended that fluoroquinolones and aminoglycosides should be used only in cases of bacterial conjunctivitis not responding to fusidic acid or chloramphenicol initial treatment. 11 According to the results of antibiotic sensitivity found in this study, it is recommended to change the current empirical antibiotic eye drops used in infantile conjunctivitis in Egypt from tobramycin or fusidic acid to other agents such as chloramphenicol, which is safe, inexpensive, readily available, and more effective. These results also provide strong evidence that fluoroquinolones can be reserved for resistant cases of bacterial conjunctivitis as long as other safe and effective agents are available.
